References Cited ABSTRACT To match the frequency characteristics of the audio or acoustic path of a hearing aid to the remainder of the hearing aid system, an acoustic path extension element (10, 25, 40, 48, 52 ) is interposed in the acoustic path, the extension element being structural components separa ble and independent of the housing of the hearing aid, although it may be retained therein (FIG. 3) , to permit matching of elements having different path lengths to the hearing aid. In a preferred form, the entrance and exit openings of the separable element are coaxial to permit replacement of existing audio duct connecting tubes, at least in part, by the element and thus permit adaptation and retrofitting of hearing aids with the matching element. The present invention relates to a hearing aid, and more particularly to a hearing aid having an extended audio path duct, and further to an attachment or retrofit element to extend the hearing aid audio path.
BACKGROUND
Various miniature-type hearing aids are known, pref. erably of the type which can be carried on the ear of a wearer-see, for example, the referenced German Pa tent DE-PS No. 1 274 658, HEYNE. This publication describes a hearing aid which includes an extended audio duct so that the path of sound waves incident on the hearing aid from the exit opening therefrom to a sound processing station is prolonged. Extending the audio duct influences the frequency response. In very small or miniature hearing aids, the transmission charac eristics of sound through the hearing aid duct should be matched to the frequency response and, unless the hear ing aid duct has some predetermined minimum length, the low frequency response of the device as a whole may be unsatisfactory. It has therefore been proposed to use the housing of the hearing aid to extend the audio path by forming an audio duct therein in such a manner that the length of the audio path between the sound entrance opening and the exit opening from the audio duct is as long as possible. This hearing aid, while hav ing improved frequency response, is so constructed that the hearing aid receiver and the sound extending path or duct form a single unit. It is not possible, therefore, to improve the frequency response of already existing hearing aids which do not have the extended sound path built into the unit itself, nor is it possible to match the frequency response of the overall sound transmission system formed by the hearing aid and the sound path to optimum values satisfactory to a user. Extending, for example, the sound duct, so that the audio path length is extended, is possible only by completely reworking the housing, which is difficult, and, since the housing is usually a plastic molding, practically impossible.
THE INVENTION
It is an object to permit ready matching of the sound path for sound traveling within a hearing aid system to desired characteristics. . . . . . . Briefly, a separable element is releasably inserted in the audio path at a desired position thereof, for example as a coupling element between a sound receiving struc ture and a sound processing structure; the separable, insertable element includes a tortuous path for sound transmitted between the structures. The tortuous path can be formed by an internal meander track within the coupling element or, for example, by providing the coupling element in form of a worm, similar to a worm gear, with deep grooves, so that the sound has to travel in a spiral path about a center, the pitch of the spiral path determining the length of the sound path within the element.
The element, together with a housing portion thereof, can be formed as a separable, insertable unit and made with sound path lengths which vary from unit to unit, 65 2 so that the most desirable element can be selected by a user to match the frequency characteristics for most desirable reproduction. The element can, additionally, be made so that it can fit between the sound receiving and sound processing units of existing hearing aid sys tems, so that hearing aid systems which have no ex tended sound path duct at all can be retrofitted to in prove their frequency response.
The hearing aid, and the attachment or retrofit ele ment thereof, has the advantage that existing hearing aids can be retrofitted later, and that, to determine the most suitable length of the sound duct, the elements can be interchanged, for example for testing, or for later re-adaptation. The sound path extension element can be placed at any suitable position within the path of sound from the sound exit opening of the sound receiver, and the sound entrance opening of the sound processing stage or unit.
In accordance with a preferred feature of the inven tion, the arrangement is so made that the sound entrance opening and the sound exit opening of the sound path extending element are coaxial. This permits introducing or inserting the element within an existing range or region of a hearing aid system, for example between the sound exit opening of the pick-up unit, and the sound entrance opening of the hearing aid processing stage in a hearing aid system of the type which is generally quarter-moon shaped, or sickle-shaped, to fit behind the ear of a wearer; it may, also, be used to replace a sound tube, which usually is flexible, wholly or in part. Basic system, and embodiment of FIG. 1: A sound receiving unit 17 picks up sound for transmission to a sound processing unit, schematically shown at 23. Inter posed in the path of sound from the receiving or pick-up unit to the processing stage or unit 23 is a sound path extending unit 10, and forming the subject matter of the present invention. The sound path extending unit 10 is an essentially block-like element formed of two half shells 11, 12. The half-shells have, at their facing sides, meander-like grooves 13. When the half-shells 11, 12 are assembled together, a sound duct 14 of substantially greater length than the distance between the entry opening 15 and the exit opening 19 of element 10 will be formed. The sound entry opening 15 is fitted to an ex tension 18 of the pick-up unit 17 such that the sound exit opening 16 from the pick-up unit 17 is sound-tight fitted into the opening 15; similarly, the sound exit opening 19 of the element 10 is coupled over an elastic coupling 4, 418, 787 3. element 20 with the sound exit opening 21 of a hollow cylindrical stub 22 of the hearing aid sound processing unit 23, for example of sickle shape, and adapted to be worn behind the ear of a user.
The half-shells 11 and 12 of the acoustic path-extend ing element 10 are connected together, for example by adhesion, so as to be irremovably joined. This permits testing of the element 10 before being assembled to gether with a hearing aid system for functional operabil ity and characteristics. Preferably, elements 10 with various acoustic path lengths are made, to fit the respec tive elements 18, 20, so that the acoustic path length of a selected element can be matched to a specific hearing aid. That one of the selected elements 10 is then assem bled with the hearing aid which most closely ap proaches the desired frequency transfer characteristics, so that the overall system will have the desired fre quency response.
The sound exit opening 16 of the sound input unit 17, the sound input opening 15, the sound exit opening 19 of the element 10, the coupling element 20, and the sound exit opening 21 of the stub 22 preferably are so located that they are on a single axis, as schematically shown in FIG. 1. This coaxial arrangement then permits intro ducing the acoustic path extension element 10 into an already existing hearing aid or hearing aid system in which, as is customary, the sound exit opening 21 of the stub 22 and the sound exit opening 16 of the input unit. or pick-up 17 are connected by an elastic sound duct, typically a flexible tube or hose. The element 10 can then either replace the tube or hose, or, if smaller than the length of the connecting tube, can be fitted into a shorter piece, for example by connecting the tube to element 20 and to the exit opening 21 of stub. 22. into open ducts 31, 32, 33. The webs terminate short of the ends of the central part 26, as shown, to establish or define a meander-shaped connection of the ducts. The meander arrangement of the ducts is additionally deter mined by closure plates 34, 35 which each, have an opening 36, 37. The opening 36 of the closure plate 34 permits acoustic communication only between the acoustic duct 33 and the connecting end portion37. The opening 37 in the closure element 35 permits acoustic communication only with the interior of the end ele ment 28. The web 29 is slightly shorter at the end facing the connecting or end element 27 than the center part 26; the web 30 is slightly shorter at the end facing the end connecting part 28. The closure plates 34, 35 are so fitted into the cap-formed end parts 27, 28 that a duct will remain between the bottom of the end part and the plate which is in acoustic duct communication with external acoustic or sound transmission openings 38, 39, respectively. The parts 26, 27, 28, and 34, 35 preferably are made of plastic and are adhered together by a plastic adhesive or cement. The sound entrance opening 38 and the sound exit opening 39 of the completely assembled unit are coaxial, the sound path being deflected within the end elements.
FIG. 2b illustrates an alternative; rather than using two-component end pieces, that is, end pieces which include the cap 28 and plate 35, and cap 27 and the plate 
EMBODIMENT OF FIG.3
The acoustic path extension element 40 is.inform of a worm, similar to a worm of a worm gear, or of an Acme thread. The acoustic path extension element 40 is releasably secured to the sound entrance opening of an angle element 42, being fitted into the acoustic path or duct therein. The sickle-shaped, bent or quarter-moon shaped housing 43, adapted to be worn behind the ear of the user, is formed with a cylindrical receiving opening 44, communicating with the sound duct 41 therein. The receiving opening 44 is constricted at its end portion, as seen at 45, and formed in this constricted region with a thread 46 which matches the thread of the sound path extension element 40. This permits threading element 40 into the enlarged opening 44 through the end part 45, thus retaining element 40 securely within the part 42, safe against loss. Yet, the element 40 can be removed, for example for cleaning or replacement within the part 42. The sound duct is formed in this embodiment by the spiral path defined by the thread spiral 47 of the acous tic path extension element 40, in combination with the adjacent inner wall surfaces of the enlarged opening 44. Depending on the pitch and the length of the thread of the element 40, bodies of this type can be made with different path lengths . FIG. 3 illustrates the acoustic path in broken-line representation.
FIG. 3b illustrates a modified form of acoustic path length extension element 48 in which a body similar to body 40 is surrounded by a sleeve 49 so that an acoustic path length extension element is formed which can be tested before assembly into the hearing aid. If an ele ment 48 is used, the entrance opening of the enlarged duct 44 should not be constricted as in 45. Rather than using a preformed sleeve 49, a freely fitting sleeve made of a heat shrinkable plastic material can be used which tightly surrounds the outer portions of the thread cir cumference of the thread 47, leaving free the space between the roots of the thread to form the extended acoustic path. FIG. 3c illustrates an element 52 formed as a spiral winding of a hollow tube 51, communicating with and coupled to the sound duct 41, and the exit opening of sound from the element 43 (FIG. 3a) for example.
Various changes and modifications may be made, and features described in connection with any one of the embodiments may be used with any of the others, within the scope of the inventive concept.
We claim:
1. Hearing aid comprising a sound receiving structure (43); a sound processing structure (42); connecting means interconnecting said structure in sound transmitting relation and means for defining a sound duct or audio path between the sound receiving structure and the sound processing struc ture; and an acoustic path extension element (40) (41) formed therein and forming the sound duct or audio path; and wherein at least one of said parts includes an enlarged opening communicating with said sound duct and retaining said separable element (40). 3. Hearing aid according to claim 1, wherein said separable acoustic path extension element comprises an essentially cylindrical body with a spiral thread (47) formed thereon in shape of a worm to provide said sinuous or tortuous audio path.
4. Hearing aid according to claim 3, wherein a hous ing is provided including a housing part formed with an enlarged opening communicating with the sound duct and retaining said separable acoustic path extension element therein, said housing comprising at least one of said sound receiving structure and said sound processing structure;
and wherein said opening in the housing is shaped to receive said worm, the extended audio path being defined by the inner wall of said opening and the pitch of said worm. 5. Hearing aid according to claim 4, wherein the opening (44) in said part (42) receiving the worm (40) has a constricted entrance portion (45) formed with a thread region matching the thread of said worm (47) to permit screwing said worm into the said one part for retention therein secure against loss.
6. Hearing aid according to claim3, further including (FIG. 3b) 6 an acoustic wave guide element defining a tortuous or labyrinthine or sinuous audio path for sound trans mitted therethrough, said element being an elon gated body of plastic material having therein a groove or duct longer than the length of said elon gated body; said acoustic wave guide element being formed with sound entrance and exit openings which are posi tioned in axial alignment, at respective end portions of the elongated body; and wherein said sound receiving structure and said sound processing structure, respectively, is formed with sound receiving openings in matching posi tion with said sound entrance and exit openings of the acoustic wave guide element. 10. Element according to claim 9, wherein said ele ment comprises a two-component body, each formed with matching meander-formed grooves therein, said meander-formed grooves providing said labyrinthine tortuous path.
11. Element according to claim 9 wherein said body comprises a block-like structure having interior webs positioned to define said tortuous or labyrinthine path and entrance and exit terminal parts forming a sound path and connecting the terminal portions of said laby rinthine path to the axially aligned sound entrance and exit openings of said element.
12. Element according to claim 9, wherein the body of said element is essentially cylindrical and formed with an external worm of screw thread terminating in axially centrally positioned recesses forming the en trance and exit openings insertable into a surrounding body formed with a cylindrical opening, the inner walls of said body, together with the depressions defined by said screw thread, forming said labyrinthine or tortuous path.
13. Element according to claim 12, wherein said sur rounding body comprises a sleeve of plastic material.
14. Element according to claim 9, wherein said body of plastic material comprises a spirally wound plastic tube having end portions positioned in axial alignment parallel to the axis of said tube.
15. Hearing aid comprising a sound receiving structure; a sound processing structure; an acoustic path extension element forming a separate unit having formed, internally, a continuous inter connected labyrinthine path, and having entrance and exit openings at opposed end portions; end connecting elements including window elements having openings matching the end portions of said labyrinthine path and providing acoustic path com munication interiorly of the end portions; and sound exit and entrance openings formed in said end portions, said sound exit and entrance openings being positioned in axial alignment.
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